This work has been carried out at the southern side of the Tabouant anticlinal in El Ouldja valley in the Aures, east of Algeria. The different water tables exploited belong to many lithological entities (evaporitic and carbonated). The combination of geology and statistics has allowed to study the chemistry origin of these waters. This is water of evaporitic and secondarily carbonates origin. The phenomena causing this class are numerous and are essentially linked to the aquifers chemical composition. The chemical analysis of all samples of the area confirms this. Waters salinity is very variable and generally high. Waters electrical conductivity ranges between 1504 and 6150 μS cm . Thermodynamic analysis indicated the waters saturation with carbonates, calcite and dolomite, because of the degassing and the CO 2 dissolution of evolutive formations, gypsum and halite. The crossed binary diagrams suggest that water salination might be attributed to water-rock interaction through the geochemical process of mineral dissolution, precipitation and ions exchange.
Introduction
Groundwaters and surface waters are resources used by humans for diverse purposes. The chemical composition of wells and springs waters is generally acquired during the migration of waters through the soil and their stay in the reservoir. Water in contact with the country rock acquires a mineral load typical of the crossed rocks. The elements in solution therein are informative of the aquifer.
El Ouldja valley is located southwest of the Khenchela province in the Aures, east of Algeria, and stretches over a surface area of 366 km 2 ; it is part of the southern side of the Tabouant anticlinal. The valley forms a U with a flat bottom and steep banks, and sometimes overhanging, it has a width of 860 m at elevation of 410, characterized by a monoclinal structure with a slight dip toward the south-southwest and faults with a significant throw. The basin bedrock is mainly made up of blue-gray marls locally gypseous, alternating with more or less marl limestones and hard limestones of Upper Cretaceous age. These Upper Cretaceous deposits (Coniacian and Santonian C) of E-O direction have a southern dip ranging from 10° to 20°. The valley is crossed by the El Arab wadi that runs from north to south often on its own alluvia and locally on the rocky substratum. In the basin, the present bed of the wadi has a width of about 100 m. The wadi has two small tributaries on the right bank.
The basin is equipped with marl-limestone layers and limestone having a thickness varying from a centimeter to a meter, sometimes up to 2 or 3 m. The thickness of the marl layers also varies from a centimeter to about 10 m, sometimes even more.
El Ouldja locality is known for its brackish waters due to the effect of geological nature of the terrains and especially to the presence of gypsum giving strong sulfate and chloride contents. This study focuses on the physicochemical characterization of El Ouldja valley waters.
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Materials and methods

Geographical location
El Ouldja is located southwest of the Khenchela chief town in the Aures, east of Algeria (Fig. 1) , and stretches over a surface area of 366 km 2 . It is limited to the north by El M'Sara, to the east by Kheirane, to the south by the Biskra province and to the west by the Batna province. El Ouldja has at the end of 2016 a population of 3480 inhabitants.
From climatic point of view, this is an arid climate zone. The annual rainfall recorded at the main stations of study area is marked by a temporal variability. It ranges between a mean of 144 and 170 mm. A pluviometric deficit of 15% is observed; this induces a decrease in runoff depth of nearly 53% reflected by a decrease in inputs of 32%. The annual mean value is of 20 °C.
The drainage system is temporary (temporary runoff) and little developed. The configuration of this system can be explained, on the one hand, by the scarcity of rainwaters and on the other hand by the topographical nature of the area. So, the study area is essentially crossed by El Arab wadi, which is the natural drain and the collector of the valley and which runs from north to south. The catchment surface area of El Ouldja basin is of 1333 km 2 ; it is characterized by a thalweg length of the order of 113 km and an overall slope angle of 1.36%.
The study area is part of the southern side of the big anticlinal of Tabouant. The supporting soils outcropping in the basin are characterized by a monoclinal structure, with a slight dip southwest. The basin bedrock is mainly constituted of blue-gray marls locally gypseous, alternating with hard limestones of Upper Cretaceous age. These Upper Cretaceous deposits (Coniacian and Santonian C7) of E-O direction have a southern dip ranging from 10° to 20° (Fig. 2) .
Methods
In order to better assess the physicochemical characteristics of El Ouldja valley waters, eleven (11) samples were taken from the study area in 2016, among which three samples from springs (S1, S2 and S3), three samples from El Arab wadi (upstream of wadi 1, at wadi 2 and downstream of wadi 3) and five samples from boreholes (water table) F1, F2, F3, F4, and F5 (Fig. 3) .
The sampling campaign was performed during the period between November and December 2016. Chemical analyses were carried out at le Laboratoire de l'Agence Nationale des Ressources Hydriques (ANRH) of Khenchela.
Strict requirements were met during the whole period of sampling according to Rodier recommendations 2009 . The samples were carried to the laboratory in a cool box and are then stored in a refrigerator until the analysis.
As regards the sensitive parameters such as temperature, electrical conductivity (EC) and pH, they were measured . Three methods of analysis have been used to determine the concentrations of different chemical elements. The determination of the content of bicarbonates and chlorides was done by titrimetry. The cations including the elements were determined using a PerkinElmer, 1100B flame atomic absorption and by titration potentiometric as proposed by Rodier et al. (1984) . The results of the analyses are reported in Table 1 .
We took the geological coordinates with a GPS type of Garming and measured four physical parameters in situ and seven major chemical elements, and we calculated four saturation index. The chemical facies is determined by software DIAGRAMME of the University of Avignon (France). Calculating the saturation index (SI) was effected, with the software PHREEQC (USGS).
Results and discussion
Piezometry study
The hydrodynamic study allowed us to characterize the flow and get a first grasp of the aquifers. This relationship has been further clarified in the hydrochemical study (El Moukhayar et al. 2015; Djoudi and Houha 2017) .
The ANRH inventory allowed us to select 05 water points distributed over the study area in order to perform two piezometric campaigns during November 2016, and the two campaigns were undertaken, respectively, on 1 and 24 of November. These water points are located on the right and left banks of the wadi. According to the availability and the distribution of water points in the study area, a piezometric campaign was performed during the period November-December 2016, and the water table level was measured regularly (each month) at the boreholes B1 and B2 on the right bank, B3 and B4 at the bottom of the wadi and B5 on the left bank (Table 2) .
We observe that the water table level on the right bank (B1, B2) goes, respectively, from elevation 404.92 and 384.14 to 386.12 and 374.94 within about 2 weeks to dry up starting from November. The elevations at which these boreholes dry up lie almost at the limit of the rockhead.
On the left bank, the water table level (B5) goes from 399.75 to 386.25 within a week and then dries up. This sounding was not performed a long time enough in order to make sure that it was the water table that we measured and not the borehole water.
The boreholes (B3, B5) of the wadi bottom give a level near the level of waters in the wadi bed, with a slight fluctuation.
Hydrogeochemistry
The study of waters chemistry aims at identifying the waters chemical facies, their potability quality and their suitability for irrigation. It also allows to monitor the spatial evolution of physicochemical parameters and to assess their origin by correlating them with geology and piezometry (Khemmoudj and BendadoucheH 2016; Plummer 1991) . The quasi-totality of the aquifer water points is intended to the supply of drinking water and to irrigation. The use of water should meet certain standards varying according to the type of use. For this purpose, a sampling concerning the different waters points (surface water and groundwater), regularly distributed over the whole study area, was performed during the campaign November-December 2016.
The data table shows that waters are characterized by low alkalinity (pH between 6.79 and 8, 07) and medium mineralization expressed by EC ranging from 1250 to 3120 μS cm , Na + , Cl − and Ca +2 elements is linked to the minerals dissolution that are likely to form by evaporation of salt-loaded waters and by evaporitic formations dissolution (Hsissou et al 1996) . Conversely, Ca +2 , Mg +2 and HCO − 3
elements are linked to carbonates dissolution (Drever1997).
The contribution of correlation between the physicochemical parameters in groundwaters helps understand certain phenomena arising from water-rock interaction (Rodier et al 1984) . This correlation allows to provide an approach about the common origin of certain parameters. We assume that a correlation is significant, if the correlation coefficient value «r» is comprised between [+ 0, 5, 1] (positive relation) and [− 0.5, − 1] (negative relation) (Brinis et al. 2015) . In our case, many links are significant, but at variable degrees (Table 3 ). The correlation matrix from this PCA indicates that the representative correlation coefficient (0, 80 ≤ r ≥ 0, 99) highlights the links existing between these latter. These links show the elements evolving together, thereby indicating the same origin. These are especially the couples ( Mg ). The conductivity is connected to elements such as Mg, K +, Cl-and HCO 3 , thereby confirming the evaporitic origin of these elements. Less significant values between elements, with values (0,60 < r < 0,80), are developed between the elements such as Na-Cl, other elements are in an inversely proportional relation, and the correlation 
Salinity origin
To better understand the groundwaters mineralization process, we have represented major elements according to chloride (Houha 2007) (Fig. 5) . This latter is a conserved element, does not contribute to water-rock interaction, characterizes the waters salinity origin and constitutes a mixing tracer (El Achheb et al 2001) . The disposition of different analyzed water points with respect to the mixing line of freshwater-saltwater (rainwater-seawater) can be of great importance for identifying other phenomena annexed to mixing processes. Groundwaters of different water points generally indicate an enrichment in Ca +2 and SO
−2
4 and an impoverishment in Na + and K + , whereas for the Mg + , we have a points dispersion around the mixing line.
The major reactions recognized as responsible for the enrichment or the impoverishment of elements in groundwaters are the exchange of Ca +2 and Mg +2 due to carbonate water-rock interaction, base exchange between Na + -Ca +2 -or Na + -Mg +2 and decrease or dissolution of sulfates (El Achheb et al 2001) . In a carbonate environment, the simultaneous enrichment in Ca +2 and the impoverishment in Mg +2 are essentially explained by the water-rock interaction phenomenon as dolomitization, dissolution and precipitation (Selvakumar et al. 2017) .
The exchange reaction of Ca
+2
-Mg +2 by dolomitization was reported as a main cause of ratio decrease Mg∕Ca in carbonate aquifers waters. This decrease is progressive according to increasing age of the aquifers terrains, controlled by the balance between calcite and dolomite, and is strongly dependent on temperature (Bouhlassa et al. 2008) .
Sulfates reaction favors the carbonate minerals dissolution. This can further change the ratio Mg∕Ca.
The base exchange feasibility of Na
was demonstrated on carbonate rocks by laboratory experiments (Al-Droubi et al 1980) . These latter demonstrated that a low clay percentage in carbonate rocks could lead to significant changes in Na + , Ca +2 and Mg +2 concentrations in saltwater by base exchange. The between Ca +2 and Cl
−
shows that the majority of water points are located below the mixing line (freshwater-saltwater). The enrichment in Cl observed can be due to anthropogenic activities. The relation between SO −2 4 and Cl − shows that the majority of water points lie bellow the mixing line and that the ratio SO 4 ∕Cl is in favor of sulfates.
The enrichment of the points in sulfates is linked to the presence of evaporitic or saliferous formations on the limits and in the marl-gypsiferous substratum without forgetting Hamed et al 2014; Tweed et al 2011) .
The return of irrigation water containing fertilizers is an additional source of salinization of water bodies in the carbonate aquifer (Edmunds et al 2003; Trabelsi et al 2005) .
In this area, the infiltration of irrigation and pluviometric waters loaded in salts and fertilizers (sulfates constitute one of the main components of fertilizers used in the area) is facilitated by the weak water table depth (2 m near EL Arab wadi, 15 m on the limits) and the good permeability of the aquifers terrains. Na + deficit is explained by the ion base exchange phenomenon between water and the aquifer and is reflected by Na + adsorption and Ca + release (Hamed et al 2014; Demdoum and Djebbar 2009; Benaabidate 2000) These waters are principally controlled by cation exchange reactions between water and Pontian red clay reflected by a sodium fixation and calcium release. The relation between K + and Cl − shows an enrichment of nearly 50% of analyzed water samples with respect to the mixing line. This enrichment can be due to dolomite dissolution.
The relation between K + and Cl − shows that the majority of the points lie bellow the mixing line, except certain points approaching this line, thereby indicating that the most likely origin might be pollution (Hassad et al 2017; Kendouci et al 2016) (Fig. 6 ).
Saturation index (SI)
The water balance with the matrix is often expressed by the saturation index:
where IAP is the product activity of the concerned ions and Ks is the product of solubility of the considered mineral (Bouhlassa et al. 2008) (Fig. 7) .
The saturation degree, the undersaturation or the state of a solution balance toward a mineral is only appreciable if the solubility product can be compared to the product of the ionic activity of referential ions in the solution (Al-Droubi et al 1980) . A null saturation index does not mean that water is in balance with the studied mineral. Water will be undersaturated if SI < 0 (mineral dissolution) and saturated if SI < 0 (mineral precipitation) (Drever 1997) . The significant results of all samples of analyzed waters (Fig. 8) indicate that these latter are saturated with respect to carbonate formation such as calcite, dolomite, and aragonite and are undersaturated with respect to evaporitic formations such as halite, gypsum and anhydrite. The minerals saturation index in water stresses that only carbonate minerals tend to precipitate notably under the form of dolomite. Unlike, evaporitic minerals are in dissolution, thereby allowing for evaporitic elements to appear in water at relatively high concentrations SI = log(IAP∕Ks) and explain the predominance of calcium-sulfate facies by halite dissolution.
The projection variables on the conception of F1-F3 (Fig. 5 ) highlight two groups:
The axis F1 expresses 42.22% of variance; the positive part of this axis is linked to the variables group Cl , SO 4 , Mg , Na , HCO 3 and K and to conductivity that generally explains waters evaporitic mineralization, with a deep water flow and a strong water-rock interaction. The axis F3 accounts for 15, 68% of the explained variance; it is determined by calcium and nitrate that reflect polluted waters (anthropogenic pollution) with the presence of the clay fraction (Table 4 ). Figure 9 shows the three water types:
• F3. F4. F5. S1. wadi 2 calcium-sulfate.
• F2. S3 calcium-magnesium-sulfate.
• F1. S2 magnesium-chloride-sulfate.
• Wadi 1 calcium-chloride-sulfate.
• Wadi 3 sodium-chloride-sulfate.
Conclusion
Groundwaters exploited in the southern side of the Tabouant anticlinal in the El Ouldja valley are impacted both by minerals of evaporitic rocks and those of carbonate rocks. In fact, these two types of rocks make up the essential exploited aquifers in the area. The evaporitic group is dominant with 90% of analyzed samples, as a result of gypsum and halite dissolution. The carbonate waters group accounts only for 10% of samples owing to limestone dissolution. The statistical study by ACP highlights the links existing between the chemical parameters responsible for the mineralization and points out two poles, evaporitic and carbonated poles. The hydrochemical and thermodynamic study by means of PHREEQC leads to the same result and reveals the existence of two chemical groups: One is evaporitic, and the other is carbonated.
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